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ABSTRACT 

Ouclitg recent: yeara our gro^ has been developing and testing various 
models lAiich dgacrtta the eiwlirwmiNlC«l fate of hazardous chenlcala In 
Southern Ontario. Itia current status of these aodels is reviewed. A 
capability now exists of estimating the prevailing concentrations of six^ 
chaidcals In sir, water, soil and sediments (provided that physical dieaical 
properties and enisslan rates are availattle. Ttie nodsls can vary In region 
of application, in conplexity end can be steady and imsteody state in 
nature. In recent uork, these modsls aire being extended Co assess Che 
magnitude of exposure of a typical Chtario< family by routes of air 
inhal^^ioa and water and food ingestion, the principal challenge In this 
Mode is quantifying the alr-soll-vegecation-maat and dairy products route. 
Finally, progress Is being made in developing phamiacokinetic models 'ttdch 
enable these "external* expoaurea to be translated into concentrations or 
"internal* exposures in various hunan tissues, tt is thus beooniing 
possible to quantify the entire journey of a toxic chemical frcm eaiisalon 
source to human target or^n and explore bow these target concentrations 
will respond to various strategies of emission or loading reckxxion, 

mmaxjcTicN 

(Xirlng the last decade various environaental nodels have been developed to 
describe or predict the imltlinedta fate and b^iavlor of dientlcals (1-5) . 
Oiese models vary In ccnpleKity and may be steady- or unsteady-state In 
nature. The models accept data on the cheodcal's physical chemical 
properties, reactivity, transport characteristics, and extent of release to 
ChfS envlroraait to produce a conprdiensive picture of the chemical's 
pachways between, and ultimate concentrations In, various Diedia such as 
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soil, air, water, and sediment. 11118 msdelllng capability is a necessary 
adjioct to tonicity testing *hen assessing risk from chemical exposure arid 
for detetmlniiig priorltl^ for research and regulatory action. It can be 
applied to new and existing chemicals. A major purpose of socti models is 
to produce lists of priority chemicals such as Ontario's "EJ*PL" list. 

Of asst concern are chemicals that aro, or may be, in frejJent coargercial 
use and therefore will be discharged constantly to the Bwironnent over a 
period of tine. Exanples are pesticides, PCB's, wood preservatives, and 
by-products of incineration. 

The use of the fugacity approach in some of these models (1,2) slipllflea 
tlw algiiaa and clarifios the interpretation. This approadi has been used 
by other groups for example, in the dsveloprent of the OKD Enviromental 
Exposure Potentials (EEP) model, BCETOC assessments, the U.S. ffiA EWART 
madel (which uses the model as a first level screening method to predict 
the envlionmttal fate and tiunan exposure potential of new and existing 
chenicalst, the National Institute of Public Health and Envirocmental 
Hygiene (RIVH) In the Netherlands and the Mltsublshl-Kasei Institute of 
Toxlcological and Envlrocisentai Science In Yotcohana (6-12) . 

In this paper we describe recent studies In our group smwrted by the 
Ontario HinlsCry of Siwironoent t4iich have sought to develop, validate and 
Ijiplament (Hwlrotioental imdels of the Hjltlnedia fate of chemicals. 
Further, we descrlhe current efforts, hopes for the future, and ^seculate 
on bOH cnvlromental aodels loy evolve as regulatory and scientific tools. 
First, we describe ttie development of a novel fugacity model. 



TOE FOUR »IIIA FUSCITY MXIEL 

Previous nudels have descrUied the fate of cheodcals in a mltltuds of 
oedla such as air, aerosols, water, fish, particles, sedhient, sediment 
pore water, etc. From an exaalnaclon of this situation. It has beccms 
Clear that ue can sii^jllfy the model with little loss of fidelity by 
treating only four tiullt phases - air, water, soil and sediment, t*iloh 
canals of subcaqpattients of fluid (air and/or water), solid and biotlc 
matter, ^jullibriia partitioning of ciKDlcals is assumed to a({>ly within 
each of tin fota buUc phases. As a result only four fugaclties are 
(tefiied, but it is possible to calculate concentumions In subccqpartment 
phases. 

Eiquresslons for environnental enlssiona, advective Inflow and outflow, 
reaction, ertS diffusive and non-diffusive transfer between these buU 
phases are incorporated in a set of mass balance equations as included in 
previous Hotels. Reckicing tie nuifcer of Jtey envltwinental media to four 
permits a alaple alg^sraic solution which can be isplemaited on a personal 
ctxiputer. Ublike previous models, non-dlffuslve transfer processes, such 
as wet and dry atimsfAeric particulate deposition, rain washout, leaching 
to groun^<ater from soil, and sedimenc resu^xnsion are Included. 

ftiqaclty 

In this model partitionlr^ of chemical between (hases Is descrlhed by the 

^i<Hhrii» criterion of fugacity as an alternative to chemical potential. 
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1 E\jgaclty can be considered to be the partial pressure of a chemical In B | 
phase and Is related to Its concentratiofi In that phase by the ei^sresslon 
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(tetermlnes the direction of diffusive flux (but not non-difftslve flux) 
whldi takes place from hlcjj to low fugacity. Tlie coefficients D12 a«l t>2i 
ate functions of Z values, Interfaclal areas and diffusion properties, 
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C - fz , 1 
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(characterized by dlffuslvldea or mass transfer coefficients) in adjacait 
phases 12); 


i 




kjtiere C is concentration (mol/nP), f is fugacity (Pa) and 2 is the fugacity 1 
capacity tiaal/ii?.Pa) wtildi Is specific to the diemlcal, the medluiv and • 
tenperature. Z values are deduced from physical chemical properties such 
as mlecular mass, solubility, vapour pressure and octanol-water partition 1 




Non-diffualve or one-way transfer pKJceases between phases, for eicanple, 
wet or dry particle t^aaltion froo the atmosphere to soil or nater, or 
suapenrWl sediiwnt exposition or resuspenslon. Is described by a one-way 
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coefficient. Methnrts of calculating Z valuas for enviromental phases have 
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transport parameter as 






b»n reviewed by Mackay and Paterson (1) . ■mis data set tetitesents an | 
absolute minlnun for chemical fate asses9iiei«. | 
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N >■ GC - GZf - Df BOl/h 
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' Table 1 lists the prcpertles of sin priority chemicala »*iidi have been the 1 
8i*iject of assessment in this project. A significant part of our efforts ■ 




where G Is the voliiietrio flow rate (»P/h) of the transported material (eg 
sedlmait), and D again has units of ool/Fa.h. 
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has been etevoCed to measuring and correlating these properties Mhich are of 
fundamental inportanc* In any fate ass^anent. J 
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First orctor reaction processe* in • fhaso can be deacrlted bt 






aieniicals imwe between phases by diffusive and non-dlffuslve processes. « 
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rate of reaction - IcrVC - XrVZ* - ORf i»ol/h 






Tt» diffusive flux N (mol/h) between two phases, 1 and 2, can be described If 

by . : 

Vtaae 1 to 2 rate - Dj2fi "l 




where kf^ is a first ortter rate constant (h"^), V is the phase volire <«^), 








and C^ again has units of leol/Pa.h. 






Phase 2 to 1 rate - Dji'a -■ 
Net rate N - Di2f i - I'2if2 i 
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E^ 


In suBiary all rates of chailcal transport and transforiDation can be 
expressed as products of fugacltles and D values. D values can be sunmed 
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v*Kro Dj2 »«1 D21 are transfer coefficients with units of rool/h.Pa, and f j ^ 
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and ccnpared when the processes apply to the sane source phase fugacity. 






and f2 are the phase fugacltles. The difference between f j and f2 ,m 
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Sm/lromental Mslia 

Four major bulk conpartmaits are defined - air, water, soil, and sediment 
eonslating of a contolnatlon of subcxuparUnents of pure aid particulate 
phases of defined volinie fractions. For exaiiple, txilk water consists of 
V^e' water, suspended solids, and fish; soil consists of mlnersl natter, 
organic matter, water, and air; air consists of pure air and aerosols; 
sediment Is mineral matter, oceanic matter, and water. 

This environnoA can be "evaluative" or purely hypothrtlcal in nature as 
ctescrlbel In previous pe^rs (3,13) or it can i^>resent an actual region. 
He apply the madel here to 1) an ewlronment scaled to represent Southern 
Ontario and 11) an evaluative environnent of area 1 sq km with sljitllar 
phase ptqportions. The air hel^it has been reduced to 2000 ra from 6000 n 
to reflect conditions of atno^iherlc accessibility in Southern Qntiurlo. 

iVe assuiption that equlllbrlun eidsta within each fculk phase, (le, a 
comicn fugaclty aiifjUes) litplies that the times required to reach 
equllibriini uithin a bulk phase are short conpared to ttaes required to 
reach equillbrlira pet ween bulk phases. 

Levels of Model Ocnplexity 

Bnrlromental scientists conpete within the arena of the refeieed 
scientific literature to ptodixs models i4ilch aie more reliable, 
conprehensive and valid. A consequence of this pressure Is a tendency to 
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produce increasingly coiplex models - an understandable direction K"^!^ 
ttie environment is a very conplex system. 

This produces a prdblea because indivl<ljals In InAistiy and goveim^it who 
tise thfaft models k»ve relatively little time to leom tlie Intricacies o£ 
the modals and acquire the necessary input data. Further, tlw iKice 
conscientious are reluctant to use and trust models uhidi they do not fully 
understand. We believe that the answer Is to offer a series of models, 
varying in scope, conplexlty and data needs. Fresus^ly as users become 
more familiar with the aijiple models they will become Ixicreasingly 
dissatisfied with their slnpUfylng assuqptions and move towards more 
coDplex models. Situations of greatest concern which merit aost effort 
will justify the most detailed asseaaoent using the nost conplex models. 
Often a siiqple model will give an adequate answer to a siiiple question. 
Accordingly we have develqped a series of models, increasing in ccBfilexity. 



81 



1 



Level I Calculations 

Using the phase volumss and Z values (obtained from physical-chemical 
properties) and an assuied total aircudt of chemical present, H nols, it Is 
pcesibla to calculate its equillbrlm partitioning in this railtinedia 
envirornisita. A naas balance gives 

The ptevailijig fugacity can thus be calculated as H/l^iZ^, followed by bulk 
concentrations, individual subccnpartnent concentrations (aa Zf) and 
anouits as CV or vzf . nils provides a picture of the dcralnant aedia into 
which the chemical partitions and provides a first approximate estimate of 
relative coocentrations. Table 2 gives an exan^Jle of such calculations. 



TAflri; 1; BIV!1I<»I. aHNtCAL FHWERTIBS OT SEIBCIED PBIOBITy nia«C*LS KC 



dltSlCdil 



H>1. MK>a 



H<3XaclilurotjJphc:nvl 3&0 
Lenzend 78 

boinzu a pyrt^ie 2b2 

hexachlorabenzeaia 286 

Mirex 322 

trlchloroethyliaie 131. S 



Vityor f'rtiosure 
Pa 

6 X 10"* 

12700 

7.3 X 10"7 

l.B X 10-3 

2 X 10"* 

9670 



Solubility 

3.6 X 10"3 

1780 

3.8 X 10"^ 

B.O X 10"^ 

1.93 X 10** 

lice 



1°9^ 

6.8 

2.13 

5.98 

ft. 47 

6.8 

3.» 



• averaoe piici(ierti<s of Isaners 



Itie primary diffioilty is estimating the amount of chemical M. Two 
approaches can be used. First is to gather concentration data for various 
nedia and calculate and sun amounts for the region of interest. Second, if 
an enlsslon or use rate is available eg. 1000 kg/year and an approximate 
enviromBntal persistence can be estimated, eg. 0.3 years, then the amount 
presett will be the product of these ijjantitles or 300 leg. If 
conoentration data are available for one or two media (eg. fish and air), 
it is possible to select M by trial and error to obtain the reported values 
for fish and/or air. There is usually order-of-magnltude uncertainty about 
M. 

This siiple aedel does not treat reactions, inflow in air and water and 
other loss processes. 



TUItS. 2: t£fJU. I CAIjCUIATION QP KB DISTRIBUnCN IN SOmSRH ONIJWIO 



Total <SKiisit 
Fugacity 



3 X 10* B3l or 1,07 X 10* kg 
1.8 X lO-T Pa 



CcBipartBSit 


Volime 


Cone. 


AoDunt 
■ol. 


« 


Bulk *tr 


4X lOl* 


3 no/n^ 


36000 


1.2 


Bulk Hater 


4 X lo'* 


9.6 na/L 


109000 


3.5 


Bulk Soli 


1.2 X 10'° 


SO ng/g 


2.7 X 106 


aa 


Bulk Sediment 


8 X 10* 


eono/g 


21A000 


7.0 



Air-^seouB 2.6 ng/m^ 0.96 % 

Air-aeroaol 0.5 ng/"^ 0.23 X 
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Level II Calculations 

In this mcdel two loss processes are considered, advectlon la. loss by 
outflow mastly In air or water, aiid degratUng reactions. Also Included are 
three "pseudo advectlon" processes. Transfer from air to lilgher altitude 
can be assumed to occur at a specific velocity. Leadilng frcm soil to 
groisKkfater can be set at a percentage of the rain rate on soli. Sediment 
burial rates can be assuiKl and will equal tlie dlffererce between sediment 
desposltion and resuqjensicn rates. Values suitable for qieclClc regions 
can be inserted. 

Reaction rates are Included as first order rate constsrts appUobl* to the 
bulk or puce phase, lliese rate constants or half-lives are cheailcal- 
speciflc anl usually result from a consideration of the rates of processes 
such as biodegradatlaci, photolysis, oxidation and hydrolysis, individually 
and in total. 

If ealsston rate data are avail^le, a steady state, equlllbrlm 
calculation can be ccitpleted. The endsslons rate should Include point and 
nonpoljit sources, and to it should be added advectlve inflow at a suitable 
'background' concettiratian or fugaclty. fion a Bass balance, the 
prevailing fugacity can be calculated, followed by concentrations, amounts 
and inflow and loss rates. It is illunlnatlng to examine the relative 
lnfnrtance of these: loss processes. Tim total ancunt present H can be 
caloilated ani used to estimate the dnslcal's overall 'persistence* or 
average residence time. Ihls tine is a conbination of the reaction tine or 
persistence and the advectlon residence time. 
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Table 3 gives an lUystrative calculation for PCBs in Southern Ontario. 
Ittis behavior profile contains the asainptlon that a comnjn fugacity 
prevails throughout tbe envircrmeA. Clearly this is in error because 
fugacltles tend to be higher In the i»dia which receive direct discharges 
and lower in those which have relatively rapid loss nechanirais. In 
particular, It afipeara that the air often experiavzes a low fugacity 
because of the high rate of advectlve loss. To renedy this assunptlon it 
Is neoessary to allow for fugacity variation between nedia and indixte 
expressions for interphase transport conductivities or resistances and 
introclx» the emissions on a nedlua-speciflc basis as in tlie nure conplex 
l^vel III calculation. 

Level in Calculations 

Steady state mass balance equations can be set ifi for each of tte four bulk 
phases t^dcb iiKXirporate enisslons, transfer rates between adjaoent jftiaaea, 
reaction and advectlon. Four algebraic equations result thich can be 
solved sluultaneously. The principal difficulty is to estinato tl» inter- 
nedia transfer rate parameters or values. Itiese values depend on tie Z 
values (ird^ch ate chonlcal ^ledfic) and on other kinetic quantities such 
as oasa transfer coefficients or deposition rates of suspended natter. 

It is Jjiportant to enphasize that in the nxtsl single typical values have 
been assuned for all kinetic tencs, ie. they are not dieraical specific, 
niere is thus no need to Include more cheMlcal-^>eci f Ic data in the Level 
III calculation. Die dependence of transfer rate on ctanical properties is 
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T«U£ 3: l£VEI. H CAU.1II.ATI0N CIF PtH IN SflFniERN (IWTAKin 



Fiigacity 


2.6 X 10"" 


Pa 






Input onU^icDs 


*•> uilAi 




Afiwartlni 


1 Kol/ll 


Residence time 


1.2 yeara 








Aniriunt 


4.8 X 10* 


nol 


Coos Rates 


(■ol/h) 


OcntartBUit 


Done. 




fraction 


Muectlon 


Bulk Air 


O.S ng/K* 




- 


47 


Bulk Hater 


l.S ng/L 




0.03 


t«« 


Bulk Soil 


a ng/a 




6.4 


10"^ (l^C^liql 


Bulk Sediment 


10 ng/g 




O.fl 


0.4 (burial) 



TABLE 4: SELBCTED REPORTED AND CALCOLATED CONCfHTTtATIONS FOR TEST 
CHEMICALS USING LEVEL III MODEL. Calculated values In 
parentheses. 



Ctwalcal 

PCB Air 1-10 (1.4) ng/m^: WSiter l-IO (5) rft/1, 

Fl^ 0-1.7 (0.2) UQ/g 
Benzene Air IG (2.S) ug/n^ 

BaP Air 1.3-7.1 (3.0) no/m3: Soil 3.1-O.S (0.04) ug/g 

Sediment SO- 300 (190) i«/g 
nPB Air 0.2 {0.2)« iig/«3: Water O.OS-1 (2.71 ng/L 

Fish 0.003-0.05 (0.1) ug/g 
SeS Air 6.4 (11) \^/wfl 

Hlrex t^ter 0.002-30 (0.002) ng/L 

Eieh 0-0.04 (0.0001) iig/o 
* BulBslona adjusted to give reported air coiKeiilrciliuis 



.] 



contained entirely In ths Z values which caiprlse part of tJie D values. No 
claljB l9 Bi«to that the aaaaed coefficients are applicable to other 
MWlronoents, Indeed ther« la considerable doubt about aoie of the values 
Ijv Southern Ontario. The user la encouraged to modify these values in the 
UqW: of experience. Ttie valuBS given should be regarded as only 
reascnable first estiiaates. 



•mis KOdel contains apprOKlaately 40 envlrcnusit-speclfic parameters 
(volunes, velocities, diffuslvitles etc.) which are assimd to apply to all 
chemicals. In aany cases the values are not well established {eg sediment 
^position rata), thus the user should regard these parameters as initial 
otder-of-BB^iitvala esttaates which will be subiect to (Siange lii the 11^« 
of eiqjerlence. React Icn rate constanta are both chemical and wwiroiment 
specific. Finally mission rates are reglon-^Jecific and ate often the 
nsst poorly quantified of all variahOM. 

Reasonable paraneter values have been asaantlod for the Southern Ontario - 
lower Great Lakes Basin ftegloo. They can be nodlfled for other regions. 
ttia differences between the regional and evaluative models ars the volimes, 
areas and advectlve flow rates. All other rates are expressed on a imlt 
area or volune basis and thus apply to both models. 

The level III output can inclu* all fugacitles, concentrations (in mol/m^ 
and conventional units) and transfer rates for indlvickail and ca*>ined 
processes. A total mass balance can be assenbled, as illustrated for PCBs 
In Figure 1, and tlie overall chemical persistence can be calculated. 
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EMISSIONS air 




'I."? 



to higher 
allilude 



4/ J/ 1/ ijT (jTo.Jj 





O-OT 


^-^ 




Air 


8U 


n^r 


^ 




Hii 



'3l-t 






■yi-i 



Soil 



a.85 



0. oit'^ 



Leaching to 
Groundwater 

diffusion 

wet particle dep. 

dry particle dep. 

rain 

sediment resuspension 

sediment deposition 



o-t^r. 



.QlX'U 



oo 



HM-J 



ar.T) i-s -OS'S 



Flow and reaction = 
time 4.q -,eo.,-j 

Persistence • 




^ 



o. n ^ 



Ml 



^■o-S 



Water 



SS70 






.Jo .11 ,11 



.. ^ 4.01 









ki- 



•J.IW 



Sed 






a -^1 

'Sediment 
Burial 



->- EMISSIONS 



-*- TRANSFER 

-»■ REACTION 

-*- AOVECTION 
Imol/hl 



f»fugacity(Po) 

c » concenlrotion ( mol/m' ) 

m°amount(mol) 

%• percentage of totol omount 



yiaiHE 1: luvtl II J BBSS bilmtctf Urn- Kite lli Suulliulli Uilarlii 
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"VALIMVTIOH" tBING TEST OSMICALS 

Models sucb aa t;his caram: be "validated" in the same sense that a sijqpler 
(liyslcal or (dianical nixlel can be validated. Environmental concentrations 
vary In tljK and space, and few reliable data are usually available. 
Feactlon rate constants vary dlutnally and seasonally. Elnlssions are 
rarely known accurately. There are variations and uncertainties in 
tran^sort rate parameters, sucti as depoaltiton axid nsau^jension rates. Few 
envl remnants are at steady state. Ttie beat that can be hoped for Is that 
tlie iKxlel corresponds with order of magnitude fidelity to fragmented 
cbservatiaia for a variety of chemicals of quite different properties and 
pathways. Itie dianical-to-cheaiical variation should be described entirely 
t^ the chemicals' properties and anlssion rates and not by cheiuical- 
q»clfic adjustable parametets. But even this modest model capability Is 
invaluable for predicting the tehavior of ne« chemicals and for estijnating 
order of magnitude concentrations. 

The model was run for selected c^eslcaU (Tattle 1) of varying properties, 
and envlrofMEntal concentrations were calculated, and coopared with 
ctoaervationa. A coramn problem is eatljuatlon of emission rates. In some 
cases, it is necessary to back-railculate what the emissions may be, or oust. 
be, to create prevailing conoentrations, then check if these emission rates 
are in reasonable accord with rates of prockictlon or use. 

Table i lists some illustrative calculated buUt conpattnent conoentrations 
and fugacities ard gives reported values for coofiarlson. Biere is 
generally order-of-magnitude agreement. 
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DISCISSION 

The set of models provides a relatively siirple, rapid irethod o£ 
establishing tlie relative inportance of envlL-oraental fate processes for 
Specific chemicals using minimal data. It is believed to give an adequate 
characterization of the dominant phases of accumulation. For exanple, 
mltex is 62% In soil and 35* in sediments, while benzene is 46% in air and 
54% In water. These percentages are controlled by the nature of the 
emission sources and the chemicals' properties. An overall persistence or 
residence tine can also be estimated v^ich ranges from 6 days for fawzene 
to 12 years for mlrex. T^is persistence is a function of partitioning, and 
rates of reaction and advection. 7t\e relative Inportance of acJvectlve 
Inflow and local emissions can be estimated. 

ITie evaluiatlve verslcn can be used to deCennine the dominant rawironmental 

partitioning pathways and the persistence of a ctaivlcal, using Illustrative 
rather than real emissions. Tlie conputed absolute concentrations then have 
no sl^iiflcance. Since many jurisdietiona have a conmon Interest In 
estimating the environmental fate of (diemicals, but the regions 
corresponding to these jurisdictions have differing ratios and natures of 
air, water, soil, and sedljnents, it is useful to have a oomon evaluativo 
test system which can be used to inter-calibrate envlrraimental assessments. 
The combination of erwaluatlve and region-specific environments thus 
provides a convenient system for International assessment of chemicals. 




envlroriiient can be eiqplored. This estsbllshes tMch properties should be 
estimated lUDSt accurately and can provide an estimate of likely error in 
concentration as a function of error in property. 

If emission estimates are available, tt» model can be used to estimate 
concentrations with, it is believed, order of magnitude (factor of 10) 
accuracy. It is nust reliable for substances, such as P(Ss, itdcii are 
persistent and widely dispersed In the environment. UTie model can be used 
as an interpretive tool to explore tenporal and spatial variations in 
concentrations. For exaiiple, it appears that mirex has been dischar^d 
over two tine periods at emission rates which have differed by a factor of 
approximately 500. Since the moctel Is linear, concentrations are linearly 
related to total enisslons, thus there is no need to run the model 
repeatedly to explore such clianges. Because certain contaminants, such as 
benzene and BAP are entitted with considerable spatial variation, it can be 
misleading to use average emissicais and concentrations. It may be possible 
to develop "rules", which may be region-specific, that one would expect to 
encounter local concentrations i*ich are perhaps a factor of 10 or 20 
hlg^r than average. 

nn modal has been described in steacV state form, bid: with little 
acttltional effort it can be written in differential equaticsn form and 
solved numerically to give the response in the region to time-varying 
emissions. This Is a level IV calculation. 



A useful feature of both models Is that a sensitivity analysis Is possible 
by which the effects of varying properties of the chemicals and the 



mese estimated coicentratlons are of potential value in three respects. 
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First, they prxjvlde guidance about likely prevailing envlrormental 
ooncentxatlons In the various media v«ilch result tton present or possible 
future anissions. This is useful when dosiyiing analytical monitoring and 
Identification programs. Second, they provide information about the 
proximity of the concentrations to those »*iich are Judjed to be of 
toxicologlcal or aesthetic •Iqnlflcancs. 

Thlid, the concentrations provide a starting point for estiiaatloo of htnan 
exposure. These issues are discussed moiB fully In the next aectiof). 



EMM O0MCX^mWTI0N5 TO EXPOSURE MO EFFECTS 

Exposure assessment calculations can take one or both of two directions^ 
caiparison with targets, and dosage assessment. 

"Xitget" concentrations may be defined for each medlim. For example, tra« 
considerations of toxicity or aesthetics it may tie possible to suggest that 
Hater concraitratlons of a specific chemical should be nalntalned below 1 
ug/litre, air below 1 ug/m^, and fish below 1 inj/kg. Wiese target 
concentratlcns can tl») be conpacmd as a ratio or quotient to the estimated 
envlroTKental concentrations. A hypothetical exanple is given In Table 5 
dnwing the ^plication of this "quotiait" metlxxl. In this case It is 
apparent that the primary concern la tdth air and fish. The proxiaiitles of 
the eatlaated prevailing concentrations to the targets are cjjantified by 
these quotients, a lar^ value liplying a large safety factor. Tte high- 
risk situations correspond to lew quotients. The concentration level In 
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fish is not directly toxic to the fish but poses a possible threat to 
huaans if consuaed on a regular basis, 

ntftre are often probleins associated with suggesting target concentraticna 
in soil and sedimsit because these melia are not noimally consulted directly 
by organisms. Miereas siiqple lethality experiments can be designed using 
air, water, or food as vehicles for toxicant adninlstcation, it is not 
always clear how concentrations in tlie solid notrices of soils and 
sediments relate to e}qx3sure or intake of a chemical by organisms. It is 
difficult to design meaningful bioassays Involving interactions between 
organisms, soils, and sediments. 

Hie second approach is to use these madia concentrations to calculate 
dosages to human and other organiais, as illustrated in Table 5 and Fig. 2 
which are repcodjoed fron reference S. 

An average hunan Inhales sane 20 b^ of air per day, thus the associated 
amount of chenical can be easily calculatsl. Hot all this chemical may be 
absorbed, but at least a maxiiiuii dosage can be evaluated, 'llie same human 
■ay ccnaune 2 litres/day of water vlth Its contained chemical, enabling 
this dosage to be estimated. Food, the other vehicle. Is more difficult to 
treat . An average diet may consist of 1 kg/day broken down as shown in 
Table 5. Fi^ conoentrations can be estimated directly from the model, but 
neat, vegetable, and dairy prcduct concentrations are still poorly 
understood functions of the concentrations of cheodcal in air, water, soil, 
anisel feeds, and of agrochemical usage. It is likely that techniques wUl 
emerge for calculating food - envlroment concentration ratios, but at 
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present the beat approach la to analyze a typical "food baaket". n^ fcod 
conc^tratlo.18 used here are Illustrative and were cbtalned by asm-dn, 
that the ineat consigned had partitioning properties similar to £1*, and 
that dairy and vegetable products consisted largely of water. This Issue 
is co«vllcated by the fact that r«ch food Is grown at distant locations and 
li^rted. Beverages, food, and water may also ta treated (delll«r,tely or 
accidentally) for dwulcal rernoval o™«rcially or dcnestically during food 
preparation. 



It Is beconlng clear that tood Ingestion Is often the dmlnant route by 
«hlch himans are exposed to chanlcals, especially agricultural d^ulcals 
and those %«iich are erdtted into the atinasphere and are s>i)Ject to wet and 
dry d^sltion and absorption on leaf surfaces. 11.13 area Is tie aitjeot 
of our curr-nt efforts in »Wcft we are attempting to develop correlations 
between envlroc^tal concentrations (especially .ir »xl soli) and those in 
vegetation, meat and dairy pr«ix:ts. Further, we are ass«*ling various 
nodels of huian intake corresponding to defined population gnM« with 
specified diets. Or«s gr«;p la young d^ldren who pay Ingest quantities of 
soil. MB hope that it win be possible to identify the »re susceptible, 
fflore highly exposed gro.^ in a systesatic manner and validate these 
findings by actual atatltet basket arxi diet Beasurements. 

It 18 worth eHTUBSlaliq at this point that we do not expect to find that 
hunan Intake levels will be close to lethal levels, or even to levels of 
possible concern. But we believe that It is essential for a responsible 
govetment to know the principal routes by which the population is exposed 
to Individual priority ctBKlcals. It should also ascertain the proximity 
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of intake rates to "allowable" levels. Vtien such information Is lacking 
there nay be distoxxlon of regulatory actions and scientific efforts Ijito 
areas whidi ace of tdgli profile in the news media, but in reality are of 
little ccncem relative to other more "nundane' Issues. 

Hich cheraical exposure may also occur in occupational (e.g., factory) and 
Institutional or ccnnerclal (e.g., schools, stores, clDsnasJ settings, and 
at haoe, but tlese ei^xjsures vary greatly frrm indlvidial to indlvidial and 
depend c« lifestyle. For illustrative purposes and to give a conplete 
picture, exposures fion th^e sources ace included In Table 5. 

Ttte picture that emerges from this model la a profile of relative exposures 
by various routes from t^tji the dondnant route (a) can be elucidated. If 
desired, appropriate measures can be taken to reduce certain critical 
exposures. For exanple, flsb oonsi^ptlon could be reduced. An advantage 
of this approach Is that It places the entire ^lectruB of eqnsure routes 
in perspective. Overs is little narlt in reckx:in9 an already small 
exposure. 

CCNCUISIONS 

In this project a series of regional fiigacity models has been developed, 
tested with selected priority chemicals, and found to give a reasonable 
pi(Xure of envlromrental partitioning, reaction, advection, and tran^xirt 
characteristics. Estijiated concentrations are In ordsr-of-nagnltude accord 
with reported values, but there ace Considerable uncertainties in the 
emission rates on which these concentrations depend. Ibe estijnated 
concentrations loay be of value for desi^ilng analysis programs, for setting 
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prlerlties, and for aassesslng hunan etposore to present and new chemicals. 

Oa- current work is focussing on further validation, developing alr-soil- 
vegetatlon-meat-datry product contamination relationships, and in 
assembling models for human e^qxtsure applicable to various groura in 
Ontario. 



Vfe believe that the model can be, and should be, inproved by obtaining 
better estimates of certain tran^xjrt and partitioning paraiKters. For 
exairple, the mass transfer coefficiefta and diffiisivitles are average 
values aiplled to all chemicals. Chanical specific and region specific 
values could be used instead to increase accuracy, ffest Important, the 
model should be tested more thoroughly against a variety of chemicals of 
widely differing properties. The principal difficulties in acconplishing 
this are the lack of emission data, envlrnrnKntal caicaitration data, 
reaction rate constants and fJiyslcal chemical properties. 

The exposure assessmei* process can be, and should be, extended further to 
include a physiologically based phatmaeolclnetlc model (15) to predict 
partitioning, Bcciitulatlcn, and persistence in various animal or himan 
tissues after prolonged, continuous exposure. 

Ultimately, a capability is likely to emerge to ccntoine enviroiiientftl, 
human eiqposure, and phantacokinetic models in an overall process of 
tracking the pathways of a chemical from Its sources, to Its distribution 
in various envircraental media, such, as air, water, soil, sedljnent, and 
food, to its availability or ejjjoaure to anlJWls and hunans, and finally to 
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target tissues. Ttie model presented here contributes one sjoall step to 
this process. 
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